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TECHNIQUE FOR DATA TRANSMISSION IN
A RADIO ACCESS NETWORK

TECHNICAL FIELD

The present disclosure generally relates to a techmque for
transmitting data 1n a radio access network. More specifi-
cally, and without limitation, a method and a device are
provided for determining beamwidth, transmit power and
modulation-and-coding scheme for transmitting data in a
radio access network.

BACKGROUND

The continuous evolution of wireless communication
leads to networks that cover many diflerent use cases 1n
many different frequency spectra. With a wide array of
applications, the targets for reliability and throughput to be
tulfilled by the network vary drastically. Moreover, regula-
tory constraints on the wireless communication, radio ire-
quency planning for the network and the capabilities of
devices participating 1n the network demand appropriate
selection and adaptation of the transmission parameters as
well as optimization of the modulation-and-coding scheme.
In particular, the transmit power control, the adaptive
antenna beamforming and the selection of the modulation-
and-coding scheme are highly important in order to achieve
the target throughput and reliability.

Evolving cellular wireless networks (e.g., fifth generation
or 5G networks) overcome the limitations of existing cel-
lular networks by allowing for higher data rates, less latency,
less energy consumption and to satisiy the ever-increasing
traflic demand. For this purpose, additional spectrum beyond
what was previously allocated to existing standards and, in
some use cases, denser deployments are applied. The use of
higher frequency bands (e.g., including licensed, unlicensed
and licensed-shared spectrum) overcomes the scarcity of
spectrum resources by enabling wider frequency bandwidths
and allows more advanced antenna arrays for massive
beamforming. A massive growth 1in the number of connected
devices as well as an increasingly wide range of applications
cnables a well-functioning networked society, in which
information can be accessed and data shared anywhere and
anytime, by anyone and anything.

In addition, the evolution of existing technologies (e.g.,
Wi-Fi1 or any technology based on IEEE 802.11, as well as
the fourth generation, or 4G, cellular wireless networks such
as 3GPP Long Term Evolution or LTE) 1s challenged by the
same demands. Multi-antenna technologies have a key role
in the design of modern Radio Access Technologies (RATSs)
due to their well-recognized benefits, e.g. according to IEEE
802.11ac and IEEE 802.11ax. Specifically, they enable array
gain, spatial multiplexing and spatial diversity, which lead to
improved coverage, capacity, and robustness. The multi-
antenna features have significantly contributed to the suc-
cess of LTE and continue driving its evolution.

Multi-antenna technologies are particularly relevant in
high-frequency bands as a counter measure to propagation
loss 1ncreasing with frequency, e.g., atmospheric attenua-
tion, rain fading, foliage attenuation, reduced penetration of
walls, difiraction loss (or fast fading) and obstruction loss
(or slow fading). While some of the loss aspects are minor
problems for lower frequency bands, their impact becomes
severe 1n centimeter and millimeter wave ranges. For
example, the communication range limited by path-loss
advantageously reduces the frequency reuse distance. Thus,
denser deployment, larger bandwidth and smaller beam-
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2

width (e.g., higher antenna gain) can partially compensate,
or even overcompensate, the disadvantage of higher path-
loss.

Existing wide area networks primarily use licensed spec-
trum. The license costs are sigmificant but permit high
transmit power, accurate cell planning and full frequency
reuse without the need to apply access schemes, such as
Listen-Before-Talk (LBT) and/or restricted radio duty
cycles, 1n the licensed spectrum. This ensures good coverage
even 1n areas of sparse deployments. The exclusive use of
the spectrum minimizes the risk of delay spikes and maxi-
mizes the capacity.

On the other hand, Wi-F1, LTE License-Assisted Access
(LAA), LTE in unlicensed spectrum (LTE-U), MulteFire and
other emerging technologies, use unlicensed spectrum. Such
technologies permit use cases (e.g., corporate networks,
in-house network or inter-vehicle communication) for which
licensed spectrum 1s not applicable or not available, given
that any transmitting device ensures fair access to the
spectrum, e.g., by means of a coexistence mechanism such
as LBT. Energy detection just before a planned transmission
burst may reveal that the spectrum 1s already used by another
device. A back-oil scheme keeps access delay short while
making the spectrum sharing fair. LBT schemes are el

icient
iI occupancy of radio resources 1s low (e.g., at relatively low
transmit power levels and/or a few number of contending
stations within range of communication). Correspondingly,
for a transmitter 1in unlicensed spectrum, the maximum
allowed transmit power and the power spectrum density 1s
subject to regulatory restrictions. The main purpose for
having such restrictions 1s to establish fair coexistence
among the different technologies that are operating 1n these
bands. These restrictions are specific for region and fre-
quency band. Thus, the restrictions highly depend on the
specific band allocated to the various applications.

Hence, these factors and restrictions pose several design
challenges on evolving RATs but also provide opportunities
for further use cases.

SUMMARY

Accordingly, there 1s a need for a data transmission
technique that allows harnessing the benefits of certain radio
spectra while observing restrictions associated therewith.

As to one aspect, a method of transmitting data in a radio
access network (RAN) 1s provided. The method comprises
or triggers a step ol determining Quality of Service (QoS)
requirements for the data to be transmitted; and a step of
transmitting the data using an antenna array for beamiform-
ing, wherein both the beamforming and a transmit power of
the data transmission are controlled according to the QoS
requirements and within an upper limit for a radiant intensity
of the data transmission.

Herein, the data transmission “in a RAN” may be per-
formed by any or each participant of the RAN, e.g., a first
station configured to provide radio access 1n the RAN (e.g.,
a base station) and/or a second station configured to access
the RAN (e.g., a wireless device). The method may be
applicable for both base station and wireless device, or any
two communicating devices, €.g., at least one of which may
provide reference signal information for setting transmission
parameters.

As to another aspect, a computer program product is
provided. The computer program product comprises pro-
gram code portions for performing any one of the steps of
the method aspects disclosed herein when the computer
program product 1s executed by one or more computing
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devices. The computer program product may be stored on a
computer-readable recording medium. The computer pro-
gram product may also be provided for download via a data
network, e.g., the RAN and/or the Internet. Alternatively or
in addition, the method may be encoded 1n a field-program-
mable gate array (FPGA) and/or an application-specific
integrated circuit (ASIC), or the functionality may be pro-
vided for download by means of a hardware description
language.

As to a further aspect, a device for transmitting data in a
RAN 1s provided. The device comprises a determining unit
adapted to determine QoS requirements for the data to be
transmitted; and a transmitting unit adapted to transmait the
data using an antenna array for beamiorming, wherein both
the beamiorming and a transmit power of the data transmis-
sion are controlled according to the QoS requirements and
within an upper limit for a radiant intensity of the data
transmission.

As to a still further aspect, a device for transmitting data
in a RAN 1s provided. The device comprises a processor and
a memory, said memory containing instructions executable
by said processor whereby the device 1s operative to deter-
mine QoS requirements for the data to be transmitted; and to
transmit the data using an antenna array for beamforming,
wherein both the beamforming and a transmit power of the
data transmission are controlled according to the QoS
requirements and within an upper limit for a radiant intensity

of the data transmission.

As to a still further aspect, a station of a RAN 1s provided.
The station comprises a QoS module for determining a QoS
requirement for data to be transmitted; and a transmission
module for transmitting the data using an antenna array for
beamforming, wherein both the beamforming and a transmit
power of the data transmission are controlled according to
the QoS requirements and within an upper limit for a radiant
intensity of the data transmission.

As to a further aspect, a RAN 1s provided. The RAN
comprises at least one device and/or at least one station
according to any one ol above aspects.

Any one of the devices, the station and the RAN may
turther 1include any feature disclosed in the context of the
method aspect. Particularly, any one of the units or modules,
or a dedicated unit or module, may be adapted to perform
one or more of the steps of the method aspect. Each of the
devices may include, or may be implemented by, one or
more stations of the RAN.

Advantageous embodiments are specified by the depend-
ing claims.

BRIEF DESCRIPTION OF THE

DRAWINGS

Further details of embodiments of the techmique are
described with reference to the enclosed drawings, wherein:

FIGS. 1A and 1B schematically illustrate embodiments of
a device for transmitting data 1n a radio access network;

FIG. 2 shows a flowchart for a method of transmitting,
data 1n a radio access network, which 1s performable by the
device of FIG. 1;

FIG. 3 shows a schematic plot of a radiant intensity of a
data transmission, which 1s performable by the device of
FIG. 1;

FI1G. 4 schematically 1llustrates combination of transmis-
sion parameters, which are controllable by the device of
FIG. 1; and

FIG. 5 shows a flowchart for an implementation of the
method of FIG. 2;
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4

FIG. 6 shows a flowchart for an implementation of an
adaptation, which 1s implementable 1n the methods of FIGS.
2 and 5; and

FIG. 7 schematically 1llustrates an exemplary radio access
network as environment for implementing method of FIG. 2.

DETAILED DESCRIPTION

In the following description, for purposes of explanation
and not limitation, specific details are set forth, such as a
specific network environment, in order to provide a thor-
ough understanding of the technique disclosed herein. It will
be apparent to one skilled in the art that the technique may
be practiced 1n other embodiments that depart from these
specific details. Moreover, while the following embodiments
are primarily described for an implementation of a fifth
generation (5G) network, 1t 1s readily apparent that the
technique described herein may also be implemented 1n any
other radio access network (RAN), including a 3GPP Long

Term Evolution (LTE) RAN, LTE in unlicensed spectrum

(LTE-U), an LTE License-Assisted Access (LTE LAA)
network, a MulteFire RAN according to the MulteFire
Alliance, a Wireless Local Area Network (WLAN or Wi-Fi)
according to the standard family IEEE 802.11, a ZigBee
network based on the standard specification IEEE 802.15 .4,
a Z-Wave network according to the Z-Wave Alliance, Blu-
ctooth according to the Special Interest Group and/or a
Worldwide Interoperability for Microwave Access (Wi-
MAX) according to the standard family IEEE 802.16.
Moreover, those skilled 1n the art will appreciate that the
functions, steps, units and modules explained herein may be
implemented using soitware functioning in conjunction with

a programmed microprocessor, an Application Specific Inte-
grated Circuit (ASIC), a Field Programmable Gate Array

(FPGA), a Dagital Signal Processor (DSP) or a general
purpose computer, e.g., including an Advanced RISC
Machine (ARM). It will also be appreciated that, while the
following embodiments are primarily described in context
with methods and devices, the invention may also be embod-
ied 1n a computer program product as well as 1 a system
comprising a computer processor and memory coupled to
the processor, wherein the memory 1s encoded with one or
more programs that may perform the functions and steps and
implement the units and modules disclosed herein.

FIG. 1A schematically illustrates a first embodiment of a
device 100 for transmitting data 1n a radio access network
(RAN). The device 100 comprises a determining unit 102,
¢.g., a processor, adapted to determine Quality of Service
(QoS) requirements for the data to be transmitted; and a
transmitting unit 104, e.g., a transmitter, adapted to transmit
the data using an antenna array for beamforming. Both the
beamiorming and a transmit power of the data transmission
are controlled, e.g., by the processor and/or the transmitter,
according to the QoS requirements and within an upper limait
for a radiant intensity of the data transmission.

FIG. 1B schematically illustrates a second embodiment of
the device 100 for transmitting data in the RAN. The device
comprises a QoS module 102 for determining QoS require-
ments for the data to be transmitted; and a transmission
module 104 for transmitting the data using an antenna array
for beamforming, wherein both the beamforming and a
transmit power of the data transmission are controlled
according to the QoS requirements and within an upper limait
for a radiant intensity of the data transmission.

Any feature disclosed for the units 102 and 104 can be
implemented by the corresponding modules, and vice versa.
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FIG. 2 shows a tlowchart for a method 200 of transmitting,
data in a RAN. The method 200 comprises or triggers a step
202 of determining QoS requirements for the data to be
transmitted; and a step 204 of transmitting the data using an
antenna array for beamforming. Both the beamforming and
a transmit power of the data transmission are controlled
according to the QoS requirements and within an upper limait
for a radiant intensity of the data transmission.

The device 100 may perform the method 200. The steps
202 and 204 may be performed by the units 102 and 104,
respectively.

The QoS requirements and the upper limit for the radiant
intensity may be collectively referred to as transmission
requirements. The QoS requirement may include metrics
such as throughput (e.g., data rate), reliability and/or robust-
ness against mobility. The reliability and/or the robustness
may be quantified 1n terms of a packet error ratio (PER, also:
packet error rate) or a block error ratio (BER, also: block
error rate). The QoS requirements may also be referred to as
desired QoS targets or traflic QoS demands.

The beamforming (e.g., an antenna beamwidth), the trans-
mit power (e.g., a transmit power level) and, optionally, a
modulation-and-coding scheme (MCS) may be collectively
referred to as transmission parameters. The upper limit for
the radiant intensity of the data transmission may be part of
regulations for a spectrum used for the data transmission.

For transmitting the data, the transmission parameters
may be controlled depending on the transmission require-
ments. The transmission parameters may be controlled to
tulfill (or satisty) all of the transmission requirements. All of
the transmission parameters may be jointly controlled.

At least one first transmission parameter of the transmis-
sion parameters may be controlled depending on the trans-
mission requirements by determiming each first transmission
parameter as a function of the transmission requirements.
Alternatively or 1n addition, at least one second transmission
parameter of the transmission parameters (other than the at
least one first transmission parameter) may be determined
based on the determined at least one first transmission
parameter.

The transmission parameters may be jointly determined or
selected so that the transmission requirements are fulfilled
without violating the regulations, e.g., on a maximum etlec-
tive 1sotropically radiated power (EIRP, also: equivalent
1sotropically radiated power), power spectral density (PSD)
and minimum occupied bandwidth. The joint determination
of the transmission parameters may be carried out tlexibly
according to regulations for a given regional spectrum band.
The determination of the transmission parameters may be
performed on a per-transmission basis to achieve the
required QoS.

The determination or selection of the transmission param-
cters may further be carried out to optimize the use of the
RAN and the radio resources, e.g., given the QoS require-
ments are satisfied. An example optimization includes
reducing the transmit power level to save energy.

Moreover, the transmission parameters may be flexibly
and/or dynamically determined during operation, e.g., dur-
ing the data transmission, €.g., according to the deployment
conditions and/or operation conditions (topology of the
network, mobility aspects, channel conditions, etc. and their
variations) and/or according to device capabilities.

The MCS may be determined based on the transmission
parameters (e.g., beamiorming and/or transmit power). In
order to satisty the desired QoS targets (e.g., throughput
and/or reliability), the joint determination of the transmis-
s1on parameters may be implemented as additional mput to
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6

the determination of the MCS. Embodiments may determine
the transmission parameters in an adaptive manner, €.g.,
based on deployment setup, trathic QoS requirements and the
subjected channel conditions, e.g., at a given time instant.

The RAN may be a cellular RAN, e.g., a 3GPP cellular
network. Alternatively or 1n addition, the technique may be
applied to a non-cellular RAN or other technologies besides
3GPP cellular networks.

The technique may be mmplemented in cellular base
stations and/or user equipments for mobile broadband trai-
fic. Alternatively or in addition, the technique may be
implemented for use-cases with a broader range of require-
ments on reliability, latency and throughput, which require
versatile and reconfigurable transmission parameters. For
example, the same RAN may provide both mobile broad-
band access and application-specific QoS requirements
based on the QoS determination 202 and by controlling the
transmission parameters in the data transmission 204.

The data transmission 204, e.g., in the unlicensed spec-
trum, may fulfill a maximum transmit power, a maximum
radiant intensity (or maximum radiated power), a maximum
power spectrum density and/or a mimmimum occupied band-
width. These constraints may be interrelated. For example,
an increase in beamforming antenna gain may be associated
with a reduction of transmit power to fulfill the upper limit
on the radiant intensity. The licensed spectrum may also
have such limitations (e.g., on transmit power and radiant
intensity), wherein limits for the licensed spectrum may be
more relaxed compared to the limits for the unlicensed
spectrum.

The beamiorming gain (or beamforming antenna gain)
and the transmit power (or transmit power level) may be
controlled (and, optionally, the MCS 1s determined) 1n a
manner that meets the QoS requirements, 1s optimal for the
network and frequency planning perspective (e.g., optimal-
ity 1n terms of resource utilization), and satisfies the regu-
latory constraints in the licensed and/or unlicensed spec-
trum.

The antenna array may comprise a plurality of antenna
clements. The antenna may be accessed through antenna
ports. Each antenna port may be associated (e.g., connected)
with one of the antenna elements or a group thereof. Each
antenna element and/or each antenna port may be fed by an
antenna signal.

The beamforming may be controlled by a set of (e.g.,
complex-valued) element gains. Each of the element gains
may be associated with a different one of the antenna
clements and/or antenna ports. Each of the antenna signals
may be multiplied by the associated one of the element
gains.

The set of element gains may be part of the transmission
parameters. The set of element gains may also be referred to
as a beamforming configuration, precoding matrix or steer-
ing matrix. Controlling the beamforming may include gen-
crating the beamforming configuration.

The expression “antenna array” may encompass any
arrangement of the antenna elements. The antenna elements
may be arranged on a surface or in a volume. The surface
may be flat or curved. The antenna elements may be
regularly arranged, e.g., corresponding to points of a Bravais
lattice. The lattice may be two-dimensional or three-dimen-
s1onal.

The radiant mtensity may correspond to a directivity of
the data transmission. The radiant intensity caused by the
antenna array for the data transmission may be anisotropic.
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The radiant intensity may be radiation power per solid
angle 1 a certain direction. A maximum of the radiant
intensity may be the radiant intensity in the direction of a
main lobe.

The radiant intensity, U, may be the power, dP,,
transmitted from the antenna array per solid angle df2=sin
JdUte. Alternatively or in addition, the radiant intensity, U,
may be the electromagnetic wrradiance, I, caused by the
antenna array multiplied by the square, r*, of the distance, r,
from the antenna array.

The anisotropy of the radiant intensity, U(3, ¢), may be
changed by controlling the beamiorming, e.g., by applying
the beamforming configuration to the antenna ports.

The limit for the radiant intensity may depend on the
carrier frequency used for the data transmission. The limait
for radiant intensity may be a regulatory requirement.

The step of determining may further determine the limit
for the radiant intensity. The limit for the radiant intensity
may be determined for each data transmission or may be
predefined for the RAN (e.g., at deployment of the RAN).

The QoS requirements and/or the limit for the radiant
intensity may be changed during the data transmaission. For
example, the step of transmitting the data may encompass
two or more transmission phases (e.g., a pre-transmission
phase and/or two or more signal transmission phases). The
QoS requirements and/or the limit for the radiant intensity
may be different in different transmission phases.

The RAN may include a plurality of stations. At least one
of the stations may transmit the data. The transmitting
station may perform the method. One or more other stations
of the RAN may receive the data.

The stations 1n the RAN may be spaced apart. The
beamforming and/or the transmit power (or any other trans-
mission parameter) may be controlled depending upon a
distance between the transmitting station and the one or
more receiving stations.

The transmitting station may include and/or control the
antenna array for the beamforming, e.g., by applying the
beamforming configuration in the data transmission. The
radiant intensity may be determined (within the upper limit)
depending upon a hardware capability of the transmitting
station and/or a hardware capability of the one or more
receiving stations.

The beamforming may be controlled to change the anisot-
ropy of the radiant intensity. The beamiforming may be an
adaptive beamforming. The anisotropy of the radiant inten-
sity may be adapted to a channel condition and/or 1in
response to channel information (e.g., channel state infor-
mation or an indicator of the precoding matrix) from the
receiving station.

The beamforming may generate multiple beams. The
multiple beams may be simultaneously transmitted. Each of
the multiple beams may be independently controlled accord-
ing to the method. E.g., a beamforming configuration may
be generated according to the method for each of the
multiple beams.

The data may be transmitted to one or more receiving
stations, e.g., for a unicast transmission and a multicast
transmission, respectively. Optionally, the link quality may
be estimated or reported for each of the receiving stations.
In this case, the transmission parameters (e.g., the transmuit
power and the beamforming gain) may be controlled to
satisty the least link quality (e.g., the worst case among the
receiving stations). Alternatively, the control 1s based on an
average of the different link qualities case. A system operator
may define the combination of the different link qualities for
controlling the transmission parameters.
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For example, the same data may be simultaneously trans-
mitted to each of the multiple recerving stations. Each of the
multiple beams may be directed towards one of the multiple
receiving stations. The beam configuration may be a linear
combination of multiple beamforming configurations, each
of which 1s determined for one of the beams or for one of the
multiple receiving stations.

Alternatively or in addition, multiple beams may be
directed to one receiving station. Diflerent data or different

portions of the data may be transmitted on diflerent beams
or spatial streams, €.g., for a spatial multiplexing transmis-
sion. Each of the spatial streams may use a diflerent one (or
more) of the multiple beams.

Alternatively or in addition, the same transmitting station
may perform the method for each of the multiple receiving
stations. The transmitting station may transmit, to each of
the receiving stations, station-specific data, e.g., for a mul-
tiple user (MU) beamforming transmission or a MU-Mul-
tiple Input Multiple Output (MU-MIMO) transmission.

The carrier frequency for the data transmission 204 may
be equal to or greater than 6 GHz. Alternatively or in
addition, the data transmission 204 may use unlicensed
spectrum.

The technique 1s applicable to both licensed and unli-
censed spectrum. For example, the RAN may use licensed
spectrum below 6 GHz licensed spectrum and unlicensed
spectrum above 6 GHz. Alternatively or in addition, the
“unlicensed spectrum” may encompass spectrum that 1s not
allocated to any specific wireless standard.

The data may be transmitted 1n the unlicensed spectrum
(e.g., 1n the spectrum above 6 GHz) within the upper limit.
Simultaneously, further data may be transmitted in the
licensed spectrum (e.g., 1 the spectrum below 6 GHz)
without the upper limit or within another upper limit greater
than the upper limait.

The beamiorming may be controlled in higher carrier
frequencies (e.g., centimeter and millimeter wavelengths).
The technique may be compatible with existing radio access
technologies (RATSs), e.g., using wireless spectrum below 6
GHz (such as LTE, Wi-F1, ZigBee, Bluetooth, etc.).

Adaptive beamiforming and/or power control may be
selectively carried out depending on the frequency band of
the data transmission 204, for example 1n the spectrum
above 6 GHz. Alternatively or 1n addition, adaptive beam-
forming and/or power control on a granular basis (e.g., per
transmission) may be selectively carried out depending on
the Ifrequency band of the data transmission 204, for
example 1n the spectrum above 6 GHz.

The RAN may provide ubiquitous coverage and seamless
mobility (e.g., for mobile broadband services) using a first
range of radio frequencies, e.g., radio frequencies less than
3 GHz or less than 6 GHz. The data transmission may use
a second range of radio frequencies, e.g., including frequen-
cies equal to or greater than 3 GHz or 6 GHz, millimeter
wavelengths or frequencies up to 60 GHz or 100 GHz, e.g.,
28 GHz.

Such wavelengths may enable the use of a greater number
of antenna elements 1n the antenna array in a relatively small
form factor, e.g., for mobile devices.

The data transmission may be implemented 1n a 3G New
Radio. The data transmission may boost data throughput,
increase network capacity reduce latency and/or increase
robustness (e.g., for stationary applications). The RAN may
use a unified radio interface, e.g., at the transmitting station,
configured to control radio access 1n both the first range of
radio frequencies and the second range of radio frequencies.
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The data may be transmitted from a transmitting station in
the RAN. The data may be transmitted to a receiving station
in the RAN.

At least one of the transmitting station and the receiving
station may be a node of the RAN. The node may provide
radio access to a plurality of stations in the RAN.

At least one first station of the stations may be or may
include functionality of a node, a base station or an access
point of the RAN. The first station may define a coverage
area, €.g., a cell or a basic service set, of the RAN.

At least one second station of the stations (e.g., among the
stations other than the first station) may be or may include
functionality of a wireless device, a user equipment (UE) or
a mobile station. The second station may be, e.g., movably,
located within the coverage area or may be mobile between
different coverage areas. For example, the second station
may be implemented by a wirelessly connected vehicle (e.g.,
a car or train). Alternatively or 1n addition, the second station
may be configured for machine-type communication
(MTC). For example, the second station may be imple-
mented 1n a sensor or actuator.

The first station may be the transmitting station, and the
second station may be the receiving station (which may also
be referred to as a downlink data transmission), or vice versa
(which may also be referred to as an uplink data transmis-
sion). Alternatively or 1n addition, one of the second stations
may be the transmitting station, and another one of the
second stations may be the receiving station (which may
also be referred to as device-to-device communication). The
RAN may comprise only second stations.

The QoS requirements may relate to data throughput,
reliability, robustness against motion (e.g., fast or slow
fading due to motion of a receiving station relative to a
transmitting station), robustness for mobility (e.g., handover
between cells or service sets of the RAN), latency, jitter
and/or error rates. The QoS requirements may include a
mimmum data rate and/or a maximum error rate (for bit,
block or packets).

The upper limit for the radiant intensity may be isotropic.
The upper limit for the radiant intensity may require that the
radiant intensity of the data transmission be below the upper
limit 1n all directions.

The radiant intensity U(J, ¢) may be the power that 1s
transmitted from the antenna array per solid angle i a
direction (U, ¢). The upper limit, U__ . for the radiant
intensity may be independent of the direction (3, @).

The upper limit for the radiant intensity may define a
maximum of the (e.g., ime-averaged) magnitude (or abso-
lute value) of a Poynting vector of the data transmission. The
upper limit may define a maximum for the (e.g., time-
averaged) Poynting vector multiplied by the square of the
distance from the antenna array (e.g., multiplied by 4mr,
wherein the distance 1s r).

The upper limit for the radiant intensity may be defined by
at least one of an Effective Radiated Power (ERP) and an
Equivalent Isotropically-Radiated Power (EIRP). The EIRP
may be equal to the upper limit for the radiant intensity
multiplied by 4m. A value, P, , for the EIRP may be
specified 1 watts (W) or milliwatts (mW). Alternatively or
in addition, the FIRP may be logarithmically specified, e.g.,
as x dBm, wherein x=10-log,, (P,. /1 mW). For example, 36
dBm may correspond to P, ;=4 W. Analogously, a value P,
for the ERP may be specified in W or mW, or logarithmically
as X dBm, wherein x=10-log,, (P,,/1 mW).

The upper limit for the radiant intensity may be defined in
power per solid angle, e.g., using a maximum value for the
radiant intensity over all directions (3, ). The upper limit
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for the radiant intensity may be specified 1n terms of watts
(or milliwatts) per steradian. Alternatively or 1n addition, the
upper limit for the radiant intensity may be expressed in
watts (or milliwatts), e.g., using a value for the ERP or the
EIRP. The upper limit for the radiant intensity may be
defined 1n equivalent 1sotropic watts (or milliwatts) and/or
equivalent 1sotropic decibel-milliwatts.

The beamforming may define a beamiforming gain. The
beamiorming gain may be defined as the maximum of a
directional beamforming gain over all directions or as an
antenna gain of the antenna array (e.g., for a given beam-
forming configuration). The directional beamforming gain
may be a function of a direction (O, @) relative to the
transmitting station. The beamforming gain may include an
clectrical efliciency of the antenna array.

Any “gain” may be specified 1n units of dB1 or dBd. Any
“oain”” may be defined with respect to a hypothetical antenna
that radiates equally 1n all directions, which 1s also referred
to as an 1sotropic radiator. The directional beamiorming
gain, G(J, @), may be defined as a ratio of the radiant
intensity, U(D, ¢), and the transmit power over the unit
sphere, P, /4m. The “gain” defined relative to an 1sotropic
radiator may be specified in units of dBi1. Alternatively, any
“oain” may be defined relative to the radiation of a hali-
wavelength dipole (or Hertz dipole), which may be specified
in units of dBd, wherein (x+2.15) dB1i=x dBd.

The product of the transmit power and the beamforming,
gain may be limited by the upper limit for the radiant
intensity. The product of the transmit power and the beam-
forming gain may be equal to or less than the FIRP limat.
The FIRP limit may be the upper limit 1n terms of the EIRP
or the maximum allowable EIRP. The “EIRP limit” may also
be referred to as the “FIRP” for brevity. For a beamforming
gain including the electrical efliciency of the antenna array,
the product of amplifier power and the beamforming gain
may be equal to or less than the EIRP. Using a logarithmic
scale (e.g., a decibel scale), the sum of a value for the
transmit power and a value for the beamforming gain may
be equal to or less than a value for the EIRP.

The beamforming may define a beamwidth. Alternatively
or 1n addition, the beamforming may be controlled accord-
ing to a beamwidth. The antenna array may be operated
according to the beamwidth. The term “beamwidth” may
encompass any measure for anisotropy 1n the data transmis-
sion. The beamwidth may be realized by means of the
beamiorming.

The beamwidth may be the solid angle of a cross-
sectional area or lobe through which the antenna array
transmits the data. The cross-sectional area may be bounded

or delimited by points of half of a peak radiant intensity 1n
the cross-sectional area or in the lobe.

FIG. 3 illustrates an example definition for the beam-
width. The diagram 300 in FIG. 3 shows a schematic polar
plot of the radiant intensity 302 (or, equally for the purpose
of defining the beamwidth, the directional beamiforming
gain). The beamwidth 304 may be the solid angle subtended
by points 306 through which the radiant intensity 302 (or the
directional beamforming gain) 1s 3 dB less than the radiant
intensity 302 in the direction of a local peak or the strongest
direction 308 of the radiant intensity 302 (or the beamiorm-
ing gain) of the antenna array.

The beamwidth may be less than 4m/50, e.g., less than
47t/100. The antenna array may comprise more than 100
antenna elements, e.g., more than 200 antenna elements. In
units of a wavelength and/or the number of antenna ele-
ments, a size of the antenna array may be proportional to the
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beamforming gain (1.e., the maximum of the directional
beamforming gain), e.g., according to a diffraction limat.

Beamwidth and beamforming gain may be negatively
correlated. For example, the beamforming gain may be
inversely proportional to the beamwidth. A greater beam-
forming gain may correspond a reduced beamwidth (or
narrower beam), e.g., due to conservation of energy. For
example, 1f a beamforming gain G>1 and a transmit power
P___ . cause a radiant intensity U (1in the direction of the main
lobe) corresponding to an 1sotropic transmitter with transmuit
power G-P, . the main lobe can cover at most 1/G<1 of the
sky, 1.e., the beamwidth 1s 4m/G or less.

The diagram 400 in FIG. 4 schematically illustrates
exemplary polar plots of the radiant intensity 302 as a
function of the beamiorming gain 402 (1.¢., the maximum of
the directional beamforming gain) on the horizontal axis.
The beamwidth 304 decreases as the beamforming gain 402
1ncreases.

The beamwidth 304 may be independent of the transmit
power 404 (on the vertical axis in the diagram 400). The
radiant intensity 302, 1n each direction, may be proportional
to the transmit power 404.

In the polar plots, the upper limit 406 for the radiant
intensity 302 corresponds to a sphere (a dashed segment of
which 1s shown 1n each of the polar plots in FIG. 4). In the
diagram 400, combinations of the beamforming gain 402, G,
and the transmit power 404, P, that fulfill the upper limait
406 are below the curve EIRP=G-P,, . which represents
the upper limit 406 in the diagram 400.

The beamwidth 304 may be reduced to increase frequency
reuse, €.g., directional frequency reuse. E.g., the beamwidth
may be reduced as the number of stations in the RAN or in
a cell of the RAN increases.

The QoS requirement may be indicative of a lower limit
for the beamwidth 304 or may imply the lower limit for the
beamwidth 304. For example, the QoS requirement may
require certain robustness under motion or mobility. The
robustness may require or imply the lower limit for the
beamwidth 304.

The QoS requirement may be indicative of at least one of
robustness of the data transmission and mobility of a station
receiving the data transmission. The beamwidth 304 may be
increased as the robustness increases, and/or the beamwidth
304 may be decreased as the mobility decreases.

The transmission requirements may further include at
least one of an upper limit for the transmit power 404, an
upper limit for the power spectral density and a minimum
occupied bandwidth. The minimum occupied bandwidth
includes, for instance, a minimum limit on the occupation of
the bandwidth below which a transmitting station 1s not
permitted to carry out the data transmission.

By way of example, for the 5 GHz spectrum used by
WLAN, regulations defined by part 15 of FCC Rules 1n the

USA state that within the 5.725-5.85 GHz band, the mini-
mum 6 dB bandwidth (ca. 75% of the signal bandwidth)
occupied by an Unlicensed National Information Infrastruc-
ture (U-NII) device shall be at least 500 kHz. There are
regulations for the minimum occupied bandwidth in Furope
and elsewhere, as well as for other spectra.

The data transmission 204 may use an MCS depending at
least one of the transmission parameters and the transmis-
sion requirements. For example, the MCS of the data
transmission 204 may be determined based on at least one of
the QoS requirement, the upper limit 406 for the radiant
intensity 302, the beamforming (e.g., the beamwidth 304
and/or the beamforming gain 402) and the transmit power
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404. Alternatively or in addition the transmission parameters
may further include one or more parameters indicative of the

MCS.

The antenna signal may be computed and/or controlled
according to at least one of a modulation scheme, a coding
scheme, the beamforming (e.g., the beamiorming configu-
ration using the element gains) and the transmit power 404.

The transmit power 404 and the beamforming (e.g., the
beamiorming configuration, the beamwidth 304 and/or the
beamiorming gain 402) may define or allow estimating a
link quality. The link quality defined and/or estimated for the
data transmission 204 from the transmitting station to the at
least one receiving station may also be referred to as a target
link quality. The target link quality may be defined and/or
estimated based on a reference link quality (e.g., a reference
value of the link quality).

The link quality (e.g., the target link quality and/or the
reference link quality) may include an indicator of a signal
quality. The link quality (e.g., the target link quality and/or
the reference link quality) may include a signal-to-noise

ratio (SNR), a ratio of signal to noise and interference
(SNIR), a ratio of noise to interference (SIR). The link
quality (e.g., the target link quality and/or the reference link
quality) may include a combination (e.g., a weighted linear
combination) of any one of the ratios.

For the reference link quality, the signal in any one of
these ratios may be the signal of a reference signal, e.g., as
received at the recerving station from the transmitting station
(e.g., 1 a Ifrequency-division duplex mode) and/or as
received at the transmuitting station from the recerving station
(e.g., 1n a time-division duplex mode). For the target link
quality, the signal 1n any one of these ratios may be the
signal of the data transmission 204 as received at the
receiving station from the transmitting station.

Alternatively or in addition, the link quality (e.g., the
target link quality and/or the reference link quality) may be
a function of a channel quality indicator (CQI), a reliability
(e.g., PER and/or BER), observed spectral interference
levels, a Precoding Matrix Indicator (PMI), a rank indicator
(RI) or a combination (e.g., a weighted linear combination)
thereof.

Alternatively or in addition, the data may be transmitted
in the step 204 on one or more radio channels of the RAN.
The link quality (e.g., the target link quality and/or the
reference link quality) may be a function of channel state
coellicients of the one or more radio channels. The antenna
array may be operated or the beamiforming configuration
may be determined depending on the channel state coetli-
cients 1n the data transmission 204.

The link quality (e.g., the target link quality and/or the
reference link quality) may be a scalable measure. The link
quality (e.g., the target link quality and/or the reference link
quality) may scale linearly with the beamforming gain 402
and/or the transmit power 404.

The reference link quality may be derived from a report,
¢.g., recerved from the receiving station prior to the data
transmission 204. The report may be based on a reference
transmit power and/or a reference beamforming configura-
tion (e.g., a reference beamwidth, a reference beamiorming
gain, or an 1sotropic transmission) used by the transmitting
station, e.g., when transmitting the reference signal.

The method may further comprise or trigger a step of
transmitting the reference signal to the receiving station; and
a step of receiving the report based on the reference signal
from the receiving station. The station transmitting the data
may transmit the reference signals, e.g., 1f the transmitting,
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station and the receiving station communicate 1mn a ire-
quency-division duplex mode and/or 1f no data 1s received
from the receiving station.

The report may be indicative of at least one of the
reference link quality and the MCS. The report may indicate
the reference link quality by indicating the MCS according
to a mapping between link quality and MCS (e.g., a mapping,
of the SNR to the MCS). The report may include the CQI.
The reference link quality that 1s indicated or implied 1n the
report received at the transmitting station may also be
referred to as the reported link quality.

Alternatively or 1n addition, the station transmitting the
data may receive the reference signal from the station
receiving the data, e.g., if the transmitting station and the
receiving station communicate 1 a time-division duplex
mode.

The method may further comprise or trigger a step of
receiving reference signals from the receiving station; and at
least one of estimating the reference link quality and deter-
mimng the MCS based on the received reference signals.
The reference link quality that 1s estimated at the transmiut-
ting station may also be referred to as the estimated link
quality.

Controlling the transmait power 404 of the data transmis-
sion 204 may include scaling the reference transmit power
based on at least one of the estimated link quality and the
reported link quality.

The reference signal may be transmitted (by the trans-
mitting station, €.g., 1n a frequency-division duplex mode; or
by the receiving station, €.g., n a time-division duplex
mode) using the reference transmit power. The reference
transmit power may correspond to a maximum for the
transmit power 404 or a middle level for the transmit power
404.

The transmit power 404 and the beamforming (e.g., the
beamforming configuration, the beamwidth 304 and/or the
beamforming gain 402) may be controlled for the data
transmission 204 so as to achieve the target link quality. For
example, the transmit power 404 and the beamforming gain
402 for the data transmission may be computed by multi-
plying the reterence transmit power, P, ..., ..., and/or the
reference beamforming gain, G, .,.,..» With a ratio of the
target link quality to the reference link quality.

In one embodiment, the reference link quality (e.g., the
SNR) may be at least one of estimated and reported for each
of a plurality of configurations of the beamforming using the
reference signal or reference signals. The beamforming may
be controlled i the step 204 according to one of the
beamforming configurations. The one of the beamiorming,
configurations may be determined based on the (QoS require-
ments. The transmit power 404 1n step 204 may result from
scaling the reference transmit power based on the reference
link quality (e.g., the estimated or reported SNR) corre-
sponding to the one of the beamforming configurations.

In another embodiment, the reference link quality (e.g.,
the SNR) may be at least one of estimated and reported
based on the reference signal transmitted with the reference
transmit power using a reference beamiorming configura-
tion defining a reference beamforming gain. The beamiorm-
ing may be controlled in the data transmission 204 according
to a beamiforming configuration other than the reference
beamforming configuration. The other beamforming con-
figuration may be determined based on the QoS require-
ments. Controlling the transmit power 404 in the step 204
may 1nclude scaling the reference transmit power based on
at least one of the reference link quality and a target
beamforming gain 402 defined by the other beamforming
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configuration (e.g., a ratio of the target beamforming gain to
the reference beamforming gain).

As a further embodiment, which 1s combinable with each
of above embodiments, a reference link quality, LQ, 4., 0, ce-
may be reported from the receiving station (e.g., in a
frequency-division duplex mode) or determined by the
transmitting station (e.g., in a time-division duplex mode).
Based on a ratio,

L erger

2
LQI’EfEF’EﬂﬂE

of the target link quality, LQ,,,.. to the reference link
quality, LQ,, ¢ encer the beamtorming gain 402 for the step
204 may be computed according to

LQrargfr (l )

&
LQI“EfEI“EHEE ]

G= Grfffrfnﬂf [

and the transmit power 404 for the step 204 may be
computed according to

LQrargfr (2)

-
P - :
reference [ L QI“EfEI’EHﬂE ]

PTI"GH.S -

Herein, the value ¢ 1s an additional degree of freedom for
controlling the data transmission 204. For example, the
beamwidth 304 may be controlled by means of the value a.

The value o may be determined within the interval
O=<a=<l. Alternatively or in addition, the value a&R may be

determined within an interval that 1s limited by the upper
limit for the transmit power 404.

The value of a and the value of the target link quality,
LQ, 4 ¢er may be determined (e.g., jointly or separately) by
the QoS requirements. E.g., the throughput of the QoS
requirements may 1mply the target link quality, LQ,,, ...
and/or the robustness or reliability of the QoS requirements
may 1mply the beamwidth 304 or the value a. By way of
example, the beamwidth 304 may be computed or estimated
according to

4 [ LQrarger ]&
Grfffrfn ce LQ reference |

beamwidith =~

The MCS may be determined based on the link quality
(c.g., the target link quality, particularly the target for the
SNR) and the QoS requirement. The QoS requirements may
be indicative of at least one of throughput (e.g., data rate),
reliability and robustness. Each MCS out of a plurality of a
set of possible MCSs may be associated with a minimum for
the link quality (e.g., the SNR). The MCS may be deter-
mined to comply with at least one of the QoS requirements
and the minimum for the link quality.

Each of the beamforming configurations may define a
different one of a plurality of beamwidths 304 and/or beam-
forming gains 402.

The QoS requirement may 1imply at least one MCS. The
implied MCS may require a minimum link quality (e.g.,
SNR). The beamiorming and the transmit power 404 are
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controlled 1n the step 204 to fulfill both the minimum link
quality and the upper limit for the radiant intensity.

For example, the QoS requirement may (e.g., expressly or
implicitly) require one or more MCSs, e.g., in order to
achieve the data rate and/or the reliability. The one or more
MCSs may require the minimum link quality, e.g., 1n order
to achieve the data rate and/or to fulfill a limit for the error
rate (for bits, blocks or packets).

At least one of the QoS requirement and the upper limit
for the radiant intensity of the data transmission are deter-
mined for each data transmission. The control parameters
may be determined for each data transmission and/or radio
frame or subirame.

While terminology from 3GPP New Radio 1s used 1n this
disclosure to exemplify the invention, the technique 1s not
limited to such RANs. Any RAN or wireless system may
also benefit from applying the technique.

Furthermore, terminologies such as base station (BS) or
node (e.g., eNodeB), on the one hand, and mobile device,
terminals or user equipment (UE), on the other hand, should
be considered non-limiting examples for stations of the
RAN. In particular, while the technique may allow i1mple-
menting a hierarchical relation between the two 1n the RAN,
such terminology does not limit the technique to hierarchal
implementations. An “eNodeB” may be any first station, and
a “UE” may be any second station other than the first station,
wherein the first and second stations may communicate with
cach other over some radio channel.

Embodiments described herein are not mutually exclu-
sive. For example, features from one embodiment may be
tacitly assumed to be present 1n another embodiment. Alter-
natively or in addition, a person skilled in the art waill

appreciate using those features in the other exemplary
embodiments.

RANSs of the fourth generation (4G) are particularly useful
tor mobile broadband (MBB) traflic. Use cases for RANs of
the fifth generation (5G) have varying QoS requirements,
¢.g. according to different applications causing the traflic.
For example, the RAN may not only serve MBB but also
tulfill QoS requirements for high reliability and/or low-
latency. Alternatively or in addition, the RAN may be
scalable to a large number of terminals. The technique can
be implemented to meet the varying QoS requirements by
adaptability (e.g., by determining transmission parameters 1n
response to the reference link quality) and/or flexibility (e.g.,
by performing the QoS determination 202 with per-trans-
mission granularity). The flexibility or reconfiguration (e.g.,
of the beamforming configuration) enable optimally trans-
mission parameters in order to achieve the desired QoS
targets.

The link quality may associate different weights with
different link quality factors that influence a combined link
quality. The weights of the combined link quality may
depend on the QoS requirements. For example, the QoS
requirements for data mm MBB may include the highest
weight on factors for throughput, while the QoS require-
ments for other data transmission (e.g., 1n the same RAN or
by the same transmitting station) may include the highest
weight on factors for reliability. Altematively or 1n addition,
the same target link quality, e.g., a gain 1n the SNR, may be
used 1n combination with different MCSs depending on the
QoS requirements. For example, a lower MCS value (com-
pared to an MCS value carried out for the MBB data
transmission at the given SNR) may be used in order to
achieve a more robust and/or reliable data transmission 204,
e.g., with very low PER.
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RANSs according to 3GPP (e.g., prior to 3GPP Release 13)
operate 1n the licensed spectrum, 1n which no strict regional
spectrum sharing regulations and constraints apply. Since
Release 13, 3GPP LTE includes License-Assisted Access
(LAA). The LTE operation in the unlicensed spectrum
tulfills regulations 1n the unlicensed spectrum. The tech-
nique 1s implementable with LAA. Alternatively or in addi-
tion, the technique may be implemented with dynamic
frequency selection (DFS) and/or advanced controls for the

antenna array, the transmit power and the beamforming 1n
the step 204.

In licensed spectrum, the upper limit 406 for the radiant
intensity 302 (e.g., the EIRP) and/or the limit for the
transmit power 404 may be absent or higher as compared to
unlicensed spectrum. In unlicensed spectrum, any one of
these limits may vary from region to region and/or may
depend on the frequency band or even sub-band. The limaits
can allow for coexistence and spectrum sharing with other
devices, and avoid interference with other devices and
networks.

EIRP is the product of transmitter power and the antenna
gain 1 a given direction relative to an 1sotropic antenna of
a radio transmitter. For the beamforming, the product (or on
a logarithmic scale, the sum) of total RF power, antenna gain
and beamforming gain should be less than the EIRP limait
406. In Europe, the FIRP limit 406 for the (unlicensed) 5
(GHz band may be 23 dBm for 5150-5250 MHz, 23 dBm and
20 dBm for 5250-3350 MHz with respectively without
Transmission Power Control (TPC), and 30 dBm and 27
dBm for 54°70-5725 MHz with respectively without Trans-
mission Power Control (TPC). In the USA, the EIRP limit
406 for the (unlicensed) 5 GHz band may be 36 dBm for
both 5150-5250 MHz and 5725-5825 MHz, and 30 dBm and
27 dBm with respectively without Transmission Power
Control (TPC) for both for 5250-3350 MHz and 5470-5725
MHz. In the USA, the limit for the RF output power 404 for
the (unlicensed) 5 GHz band may be 30 dBm for both
5150-5250 MHz and 5725-5825 MHz, and 24 dBm and 21
dBm with respectively without Transmission Power Control
(TPC) for both for 5250-5350 MHz and 5470-5725 MHz. In
China, the EIRP limit 406 for the (unlicensed) 5 GHz band
may be 23 dBm for 5150-5250 MHz, 23 dBm and 20 dBm
for 5250-5350 MHz with respectively without Transmission
Power Control (TPC), and 33 dBm for 5725-3825 MHz.

The carrier frequencies (e.g. cm or mm wavelengths) for
the unlicensed spectrum may be higher than the carrier
frequencies for the licensed spectrum. While radio propa-
gation conditions may decrease with the carrier frequency,
the size of the antenna array for the beamforming decreases.
The beamiorming gains 402 (also: antenna directivity gains)
can be used to compensate for higher propagation losses.

In the step 204, transmit power 404, beamforming gain
402 and, optionally the MCS, are jointly determined. The
transmission parameters 402 and 404 are jointly controlled
to achieve the target link quality (e.g., the target SNR) at the
receiving station. The QoS requirements (e.g., reliability
and/or throughput) are achieved through appropriate selec-
tion of the MCS. The MCS may be selected based on the
QoS requirements. The selected MCS may determine the
target link quality.

The radio frequency transmission 204 does not violate the
spectral regulations. The EIRP limit 406 puts a constraint on
the combination of transmit power 404 and beamiorming

gain 402.
Below Table 1 includes exemplary combinations of the
beamiorming gains 402 (written in units of “a”) and the
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transmit power levels 404 (written 1n units of “p””) that effect

the EIRP 1n the data transmission 204.
Beamiforming gains 402 (decreasing from left to right)
Transmit a P 08a p 0.6 a, p 04 a, p 0.2 a, p
power 404 @, 0.8a 0.85p 06w 08P 04a, 08P 0.2,
(decreasing 0.8 0.8 P
from top to @, 08 a 06p 060, 06p 04a, 06p 0.2a,
down) 0.6 p 0.6 P
L, 08a, 04p 060, 04p 040, 04p 0.2aq,
0.4 P 0.4 B
L, 08a, 02Ph 060, 02pP 040, 02p 0.2aq,
0.2 p 0.2 p

The combinations written 1 upright font represent
allowed combinations. The entries 1n 1talic font correspond
to combinations of the transmission parameters 402 and 404
that are not permitted according to regional spectrum regu-
latory constraints.

For transmitting the reference signal, an allowed combi-
nation of reference transmit power and reference beamiorm-
ing gain (e.g. G=0.6a, P, =0.63) may be used.

At least one of the units «, p, the reference transmit power
and the reference beamiorming gain are tlexibly set (e.g., at
deployment or manufacturing) depending upon the regional
regulations and the carrier frequency band. The transmission
parameters 402 and 404 for the data transmission 204 are
controlled (e.g., during operation or transmission) depend-
ing upon the regional regulations and the carrier frequency
band.

For example, a conservative MCS 1s selected and later the
transmission parameters 402 and 404 are optimized accord-
ing to the observed or assessed link quality (e.g., the
reference link quality). This allows adapting the transmis-
sion parameters 402 and 404 based on the observed or
assessed link quality 1n a given deployment setup taking into
account the traflic QoS requirements. Thus, varying QoS
requirements can be supported.

In an implementation of the step 204, the link quality 1s
based on the weighted combination of a number of link
quality factors. The factors may include the CQI (or a stmilar
tactor), reliability (e.g., PER or BER), interference levels,
PMI (or a similar factor), RI, etc. For example, the link
quality, LQ, (e.g., the target link quality for the transmission

204 and/or the reference link quality for scaling the trans-
mission parameters) may be computed in accordance with

(3)

Herein, the (e.g., reported or measured) link quality
tactors P,, P,, . . . , P, influence the link quality, and w,,
w,, . .., w, are their corresponding weights indicating the
importance of the respective factors. The values for the
weights are 1n the range [0, 1] and are normalized so that
their sum equals to 1, 2w, =1.

The weights are pre-selected, e.g., based on a network
scenario. Alternatively or in addition, the weights are
adapted according to the varying QoS requirements and/or
channel conditions.

As a non-limiting example, the link quality factors, (P,
¢.g. for1=1, ..., 4) may include one or more of the following
indicators. P, indicates the inverse of spectral interference
(1.e., cleanliness) of the channel. P, indicates reliability (e.g.
packet receive-to-error ratio, block recerve-to-error ratio,
etc.). Py indicates the CQI (or similar indicators) reported
from one or more stations (e.g., one or more receiving
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stations). P, indicates the PMI (or similar indicators). Other
factors may include, for istance, the RI, signal distortion
indicators, etc.

In the above definition of the link quality 1s flexible, e.g.,
by setting the weights of unavailable factors to zero weight.

Optionally, the transmission parameters are set to accom-
modate mobility aspects. The beamforming gain 402, the
transmit power level 404 and the MCS are determined based
on the QoS requirements for the data. The determination
may allect the amount of interference on the channel (e.g.
caused by collocated networks or stations using another
RAT) and/or the sensitivity of the link quality to mobility or
movement of one or more receiving stations.

As one example, if the receiving station has (e.g., relative
to other stations) little mobility, a relatively narrow beam (or
decreased beamwidth 304) with high directivity gain (or
increased beamiforming gain 402) may be used in the
transmission 204. Thus, the transmission 204 consumes less
transmit power 404 and, hence, the energy consumption to
achieve the same QoS requirement 1s reduced. As another
example, a wider beamwidth (or increased beamwidth 304)
1s determined, 1f the QoS requirements require robustness
against mobility. In the latter case, for the given target link
quality (e.g., the SNR) at the receiving station, a higher
transmit power may be necessary.

In one embodiment, the determination of the beamwidth
304, the transmit power 404 and the MCS may be pre-
configured as a function of the operating band, of the QoS
requirements (e.g., for the target use case or as a function of
the data to be transmitted) and/or of the (actual) deployment
setup of the RAN.

In another embodiment, the determination may be
dynamically performed and/or adapted, e.g., on a per-trans-
mission basis. In other words, the transmission parameters
can be configured on a per-transmission basis (e.g., frame-
based, etc.). Alternatively or in addition, the transmission
parameters may further be optimized for link adaptation.
Conventionally, 11 the link quality 1s observed to be dete-
riorated, a relatively robust MCS 1s selected, and vice-versa.
The technique may be implemented by controlling the
transmit power 404 and the beamforming gain 402 to
improve the link quality (to achieve a higher SNR) 1n order
to meet the QoS requirements of the data to be transmitted.
This 1s carried out while satisiying the regulatory require-
ments on the maximum EIRP limit 406.

If the deployment 1s less sensitive to mobility, increasing,
the beamiorming gain 402 is preferred over increasing the
transmit power 404 (e.g., by ¢.>0.5 1n above Equations (1)
and (2)) to achieve the target link quality (e.g., SNR targets),
because this beamiorming configuration leads to lower
energy consumption and/or reduces the effective region of
potential interference to collocated stations.

The technique may be applied to downlink (DL) trans-
missions 204 and/or to uplink (UL) transmissions (e.g., in
case the receiving station has beamiorming capabilities).
Furthermore, the technique may be applied for any kind of
transmission (e.g., MTC) occurring between two or more
stations (or devices) of the RAN.

The combination of the transmission parameters 402 and
404 may define or allow estimating the (e.g., target) link
quality (e.g., the CQI and/or the SNR). A mapping may
provide the target link quality for given transmission param-
cters. The mapping may be stored 1n a mapping table at the
transmitting station performing the method.

For each data transmission 204, the channel between
transmitting station and receiving station may be diflerent
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(e.g., due to different beamforming configurations and/or
mobility). Hence, the mapping may be transmission-spe-
cific.

For example, the mapping may be generated based on the
(e.g., estimated or reported) reference link qualities LQ, for
a plurality of different beamforming configurations (e.g.,
=1, ...,5).

Below Table 2 provides a schematic example for the

mapping.

Beamiforming gain 402

e 0.8 0.6 o 0.4 o 0.2 o
Transmit P LQ, LQ> LQ; LQ, LQs
Power 404 0.8 P 0.8 LQ, 0.8 LQ, 0.8 LQ; 0.8 LQ, 0.8 LQs
0.6 p 0.6 LQ, 0.6 LQ, 0.6 LQ; 0.6 LQ, 0.6 LQs
04 p 04 LQ, 04LQ, 04LQ; 04 LQ, 0.4 LQs5
0.2 p 0.2 LQ, 0.2LQ, 0.2LQ; 0.2LQ, 0.2 LQs

LQ, to LQ; are the reference values for the link quality
(1.e., the reference link qualities, e.g., the reference values
for the SNR) for different beamforming gains 402 (e.g.,
different beamforming configurations achieving the different
beamforming gains 402). The reference transmit power 1s 3.
For example, the link quality factors P, may be measured or
reported and the reference link qualities are computed
according to Equation (3).

Measurements for determining the reference link quali-
ties, LQ,, are performed using the different beamforming
configurations (also referred to as beam candidates or beam
patterns) for a given reference transmit power level, 1.e., a
value of p.

In an embodiment, the transmitting station (e.g., a first
station or BS) transmits reference signals for each beam
pattern. The receiving station (e.g., a second station or UE)
reports the reference link quality (e.g., the SNR) based on
the received reference signal for each beamiforming con-
figuration. E.g., each of the reference link qualities LQ), to
LQ< 1s measured based on a different beamforming configu-
ration (and, optionally, a different reference signal).

For controlling, in the step 204, the transmit power 404 to
a level other than the reference transmit power, the reference
link quality (e.g., the reference SNR) of the same beam
pattern may be scaled (1.e., the reference value for the link
quality 1s multiplied with the transmit power ratio) to
determine the target link quality defined or estimated for the
combination of the transmission parameters 402 and 404.

In another embodiment, a measurement 1s performed at
the side of the receiving station (e.g., the UE) only for one
or more particular reference beamwidths (or a reference
beamforming configuration or a reference beamiorming
gain). The reference beamforming configuration may corre-
spond to anisotropic or ommni-directional radiant intensity
302 (e.g., at least 1 a cell or sector covering the receiving
station). For example, the reference signal 1s (e.g., 1sotropi-
cally) transmitted without beamiforming (i.e., reference
beamtforming gain G, z,.,...—1) and the measurement of the
reference link quality (e.g., the reference SNR) 1s performed
and reported by the receiving station (e.g., the UE side).

The target link quality (e.g., the target SNR) 1s calculated
for a beamiorming gain 402, G, that 1s diflerent from the one
or more reference beamforming gains. The target link qual-
ity (e.g., the target SNR) for the respective beamiorming
gain 402 1s calculated by scaling of one or more of the
reference beamforming gains. E.g., the reference link quality
L.Q, 1s measured. The target link quality LL.Q), 1s calculated or
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estimated by scaling the reference beamforming gain LQ),
based on the beamforming gain 402, L.Q,, e.g., in accor-
dance with

LO, =LQ, -

reference

For example, LQ,=0.8-L.Q, for a ratio of the beamforming
gains equal to 0.8.

The MCS and the (e.g., target) link quality are related by
a Turther mapping (e.g., using a mapping table or decision
tree stored or implemented at the transmitting station per-
forming the method).

In one implementation, the MCS may be determined
based on the target link quality using the further mapping.
According to the target link quality (e.g., the SNR informa-
tion), the MCS (also: MCS level) 1s obtained using the
further mapping to meet the QoS requirements (e.g., a
certain BER target). The calculated target link quality may
be input to the MCS determination. The MCS that 1s
associated with a mimmum link quality (e.g., a minimum
SNR) closest to and below the calculated target link quality
1s selected. The latter MCS selection can achieve spectral
elliciency.

In an alternative implementation or in addition, the target
link quality may be determined based on the determined
MCS using the further mapping. The MCS may be deter-
mined based on the QoS requirements. The determined MCS
may be mput to controlling the transmission parameters. The
transmission parameters 402 and 404 may be controlled
such that the target link quality (e.g., the SNR) defined or
estimated based on the transmission parameters 402 and 404
1s above a minimum link quality (e.g., a mimmum SNR)
required by the determined MCS. The latter controlling of
the transmission parameters can achieve spectral efliciency.

Thus, 1n any implementation, the transmission parameters
are jointly controlled to achieve QoS requirements with
spectrum efliciency.

An implementation of the controlling in the step 204
(which 1s combinable with any other implementation or
embodiment) includes determinming selectable combinations
of the transmission parameters by excluding combinations
that violate the QoS requirements and/or the upper limit 406.

Those combinations of the transmission parameters which
do not fulfill the regulatory requirements, e.g., the combi-
nations of the transmission parameters 402 and 404 that
violate the upper limit 406 (e.g., according to FIG. 4 or Table
1), are deleted or marked as excluded. The remaiming other
combinations are candidate transmission parameters for
selection 1n controlling the transmission parameters accord-
ing to the step 204.

Alternatively or 1n addition, the QoS requirements (e.g.,
the transmission rate) may exclude some of the combina-
tions of the transmission parameters. For example, the target

link qualities mapped to some combinations of the trans-
mission parameters (e.g., according to Table 2) violate the
minimum link quality of the MCS or a set of MCSs implied
by the QoS requirements.

Alternatively or in addition, the controlling in the step 204
may include selecting one of the selectable combinations.
The transmission parameters may be selected for each
instance of the data transmission 204. In one embodiment,
different selection modes may be triggered depending on
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different types of the data transmissions 204. The transmis-
s1on type may be determined in the step 202 or during the
step 204.

A first transmission type 1s determined, 1f the receiving
station 1n the data transmission 204 has (e.g., relatively) high
mobility. For the first transmission type, the transmission
parameters are controlled according to the selectable com-
bination of the transmission parameters, which vields the
widest beamwidth 304.

A second transmission type 1s determined, 1f the power of
the device 100 or the transmitting station 1s (e.g., relatively)
limited for the data transmission 204. For the second trans-
mission type, the transmission parameters are controlled
according to the selectable combination of the transmission
parameters, which yields the lowest transmit power 404,

A third transmission type 1s determined, 1f control infor-
mation or any prioritized data 1s to be transmitted. For the
third transmission type, the transmission parameters are
controlled according to the selectable combination of the
transmission parameters, which yields high robustness (e.g.,
the highest resulting SNR).

FIG. 5 shows a flowchart for a first implementation of the
method 200. For clarity and not limitation, the MCS 1s
selected and the transmit (1X) power and the beamwidth
304 are controlled for the data transmission 204 1n a down-
link (DL) direction. For example, a BS selects the MCS and
controls the transmit power level 404 and the beamwidth
304 according to the desired QoS parameters of the down-
link (DL) traffic.

The step 202 1s executed at an 1nitialization stage and/or
betfore the start of the data transmission 204.

The method 200 includes one or more steps 310A and
510B of determining the link quality. Preferably, one deter-
mimng step 510A 1s performed prior to the data transmission
204, and another determiming step 310B 1s performed during
the data transmission 204.

Alternatively or in addition, the method 200 includes a
step 520 of controlling the transmission parameters. Prefer-
ably, one controlling step 520A 1s performed prior to the data
transmission 204, and another controlling step 520B 1s
performed during the data transmission 204.

More specifically, the step 510A of determining the ref-
erence link quality 1s performed prior to the data transmis-
sion 204, e.g., 1n the step 202 that also includes the substep
500 of determining the QoS requirements. For example, the
BS determines the QoS requirements of the traflic in the
substep 300.

During a transmission phase of the step 204, which
includes the DL transmission in a substep 530, the link
quality 1s determined 1n the step 510B to maintain the target
link quality or to adapt the MCS responsive to a change of
the link quality.

In the first implementation shown 1n FIG. 5, the step 510A
includes a substep 512A of controlling, based on the hard-
ware capability (e.g., including the beamforming gains 402
achievable by the antenna array of the BS) and regional
regulations on the maximum EIRP limit, the beamiforming
and the transmit power 404 which allows reference trans-
missions with a set of diflerent beamforming configuration.
As a non-limiting example, this could be 0.7 times the
highest transmit power (ci. 0.7 1n Table 1 or 2).

In substep 514 A, the BS transmits the reference signals
subsequently with different beamiforming gains 402. In
substep 516A, the receiving station (e.g., a terminal device
or UE) replies back with the CQI reports that allow the BS
to estimate the reference link quality (e.g., the SNR levels)
at the recerving station corresponding to different reference
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signal transmissions with different beamwidths 304. It fur-
ther allows the BS to estimate the target link quality (e.g., the
SNR) at the receiving station with the scaled TX power
levels 404 for the planned data transmission 204.

In the substep 520A, based on the link quality determined
in the step 510A (e.g., according to Equation (3)), the BS
selects the MCS level, TX power level 404 and the beam-
forming gain 402 for the data transmission carried out 1n
substep 330.

The step 510B includes a substep 512B of evaluating the
channel link quality (e.g., based on a further CQI report
received 1n response to the substep 530) and, 1f a deviation
1s determined in the substep 514B, the transmission param-
cters including the MCS, TX power level 404 and the
antenna beamwidth 304 are reconfigured in the step 520B.
For example, the BS constantly receives CQI and ACK/
NACK feedback 1n the substep 530 during the transmission
phase, which allows the BS to evaluate the link quality in
substep 512B and accordingly to optimize the transmission
parameters 1n step 520B.

FIG. 6 shows a flowchart for an implementation of the
MCS selection and the transmission parameter controlling
(e.g., adapting) 1n the step 204. Based on the link quality
(LQ), the MCS, the TX power 404 and beamwidth 304 are
determined so that the QoS requirements are satisfied.

The flowchart of FIG. 6 may be used in a second
implementation of the method 200 (e.g., for the adaptation
phase) or as a realization of the steps 510B and 520B of the
first implementation of the method 200.

The actual LQ monitored during the step 204 may deviate
from the target LQ defined by or estimated for the currently
used transmission parameters 402 and 404, ¢.g., because the
mapping (e.g., Table 2) or the reference LQs underlying the
mapping are outdated.

The LQ 1s constantly monitored during the transmission
process 1n a step 602 (which may be implemented 1n the step
512B). A step 604 (which may be implemented 1n the step
514B), determines whether or not the monitored LQ) 1s above
(e.g., or greater than) a configurable first threshold, thrl, plus
the target LQ defined by the current parameter settings
(MCS, TX power 404 and beamwidth 304). The first thresh-
old, thrl, may be configured at runtime and indicates the
allowance margin or sensitivity to adaptation and reconfigu-
rability of the transmission parameters.

If the decision in the step 604 1s positive (e.g., the
monitored LQ has significantly improved) and the currently
selected MCS 1s better than a target MCS or a minimum
MCS for the QoS requirements (e.g., better than the MCS
implied or required by the QoS requirements) according to
step 606, a transmission parameter combination with a lower
TX power 404 and/or a lower beamwidth 1s selected 1n a step
608. The rationale behind the selection of the lower TX
power 1s to reduce energy consumption during the transmis-
sion 204. The lower beamwidth adds directivity gains to the
transmission 204 and, potentially, reduces the spectral inter-
ference to other collocated stations. While often slightly
conservative beamwidth 304 and TX power 404 are
selected, 1.e., a wider beamwidth 304 and high TX power
404, the steps 604, 606 and 608 allow optimizing the
transmission parameters provided that the momtored link
quality 1s more than suflicient for achieving the QoS require-
ments. Optionally, the method 200 may limit the selection of
a narrower beamwidth 304, e.g., depending upon the robust-
ness requirements against mobility and blockage.

If, on the contrary, the currently selected MCS 1s lower
than the target MCS or minimum MCS for satisfying the
QoS requirements 1n the step 606, a higher MCS value (or
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MCS level) 1s selected 1n a step 610. The steps 604, 606 and
610 allow exploiting the higher link quality. Using the
higher MCS value in turn reduces the transmission time for
the same amount of data to be transmitted and, thus,
improves the channel utilization and transmission efliciency.
Alternatively or in addition, the steps 604, 606 and 610
allow recovering from a lower MCS 1n order to meet the
QoS requirements. The incrementing step 610 1 an MCS
selection table (e.g., above further mapping) may be exer-
cised corresponding to the improvement of the monitored
LQ compared to the LQ (e.g., the target LQ) defined by the
currently used transmission parameters. Alternatively, the
incrementing step 610 may adapt the MCS 1n gradual steps.

If, 1n the step 604, the monitored LQ 1s not better than the
LQ (e.g., the target LQ) defined by the currently used
transmission parameters plus the configurable first threshold
thrl, a step 612 determines whether or not the monitored LQ)
1s worse than the LQ (e.g., the target LQ) defined by the
currently used transmission parameters minus a second
configurable threshold, thr2. The thresholds thrl and thr2
cause a hysteresis (1.e. distinct upper and lower margins)
around the LQ on which the current parameter settings are
based. If the lower margin for the monitored LQ 1s not met
(1.e., LQ defined by current settings—thr2<monitored
LQ<LQ defined by current settings+thrl), no adaptation is
carried out.

If, 1n the step 612, the monitored LQ 1s significantly
reduced (1.e., monitored LQ<LQ defined by current set-
tings—thr2), the adaptation 1s carried out. A step 614 deter-
mines whether or not a narrower beamwidth 304 for the
same TX power 404 1s allowed according to the maximum
EIRP 406 (e.g., of regional regulations). If the beamwidth
304 1s allowed to be reduced for the same TX power level
404 according to the (1) maximum EIRP limit 406, (11)
hardware capability and (i11) consideration for mobaility/
blockage of beam, the beamwidth 304 1s narrowed 1n a step
616. Reducing the beamwidth 304 can allow exploiting the
beamforming gains 402 leading to better SNR and, eventu-
ally, to improve the link quality to achueve the QoS require-
ment.

If, 1n the step 614, a lower beamwidth 304 for the same
TX power 404 1s not allowed according to the maximum
EIRP 406, step 618 determines whether or not the TX power
304 can be increased on the hardware of the transmitting
station.

If 1t 1s not allowed to (a) further narrow the beamwidth
304 as per the regulatory constraints (e.g. due to the maxi-
mum EIRP 406), mobility sensitive deployment or device
capability according to the step 614, and to (b) increase the
TX power 404 according to the step 618, and if the currently
used MCS value 1s not the lowest selectable MCS value
according to a step 622, the MCS value 1s decreased 1n a step
624. The decrementing step 624 in the MCS selection table
(e.g., above further mapping) may be exercised correspond-
ing to the deterioration 1n the monitored LQ compared to the
LQ (e.g., the target LQ) defined by the currently used
transmission parameters. Alternatively, the decrementing
step 624 may adapt the MCS 1n gradual steps.

FIG. 7 schematically illustrates an embodiment for the
RAN 700. The RAN 700 comprises a plurality of station 702
and 704. Any of the stations 702 and 704 may include an
embodiment of the device 100 to perform the method 200.

Each of the stations 702 and 704 comprises an interface
710 for feeding the antenna signals to the antenna array of
the corresponding station, one or more processors 712 and
memory 714 operatively coupled to the processor. The
memory 714 1s encoded with instructions that, when
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executed by at least one of the processors 712, cause the
processor to determine a QoS requirement for data to be
transmitted. The instructions for the determining step 202
may be included 1in the QoS module 102 stored i the
memory 714.

The memory 714 1s further encoded with mstructions that,
when executed by at least one of the processors 712, cause
the processor to transmit the data using the antenna array for
beamiorming, wherein the beamforming and a transmit
power ol the data transmission are controlled depending on
both the QoS requirement and an upper limit for a radiant
intensity of the data transmission. The instructions for the
transmitting step 204 may be included in the transmission
module 104 stored in the memory 714.

The plurality of stations 702 and 704 may include at least
one first station 702 as a base station or access point. The
first station 702 may provide radio access to a plurality of
second stations 704.

Alternatively or 1n addition, the second stations 704 or all
stations of the RAN 700 are configured for performing the
method 200 in relation to each other. For example, the
stations 704 may be configured for direct communication
720.

Optionally, at least one of the stations of the RAN 700
(e.g., the at least one first station 702) may be connected to
a backhaul network 730 of the RAN or the Internet.

As has become apparent from above description of exem-
plary embodiments, at least some embodiments allow wire-
less communication systems, including the SG New Radio
system, to control the beamforming gain and the transmit
power 1n a manner that spectrum regulations are not vio-
lated. This 1s especially relevant for the unlicensed spectrum
bands for which each sub-band and geographical region can
specily 1ts own limits on the maximum allowed EIRP levels
that include the transmit power, antenna gains and the
beamiorming gains. The techmique can be applied 1 a
flexible manner for different regional regulations of the
sub-band frequency regulations.

Same or other embodiments control the beamwidth of a
transmission so that the antenna beam directivity provides
low enough (e.g., acceptable) interference to collocated
transmissions. Using narrow beam transmissions may allow
lower interference levels for collocated networks. Alterna-
tively or in addition, e.g., at the same time, the desired
robustness against mobility eflects and coverage can be
achieved.

While the transmit power and the beamforming (or direc-
tivity) gains can be controlled to achieve the desired signal-
to-noise-ratio (SNR) at the recerving station. Controlling the
transmission parameters in turn allows selecting the appro-
priate MCS for the desired reliability and target throughput.
In particular, the technique can be implemented to control
the transmit power, the adaptive beamforming and the MCS
to use the network and the radio resources 1n an optimized
mannet.

Controlling the transmission parameters and/or selecting
the MCS can be adaptively performed and at runtime to
achieve varying targets of the QoS requirements (e.g.,
throughput, reliability, etc.). The controlling and/or the
selection can be applied before carrying out the transmission
and/or during a transmission phase. The controlling and/or
the selection can enable link adaptation.

The technique can be implemented to jointly determine
the transmit power, the beamwidth and the MCS. The
transmit power and beamforming gains can be jointly con-
trolled 1n an adaptive manner in order to achieve target
signal-to-noise ratio, which 1s needed to obtain the desired
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throughput and reliability through an optimal MCS selec-
tion. Moreover, the controlling of the transmission power
and the beamforming gain 1s carried out 1n a manner that the
spectrum regulations are not violated. The joint determina-
tion of the transmission power, beamforming gains and
MCS can be carried out before each transmission as well as

for link adaptation.

The actual values for the beamforming gains and the
transmission power level can be based on the specific
regulations of the frequency band, 1n which the system 1s
operated. In particular, the spectrum regulations in the
unlicensed spectrum can be much stricter compared to the
licensed spectrum, and the joint control of transmit power
and antenna beamforming gain has high relevance to the
operation 1n the unlicensed spectrum.

As a further aspect, the beamforming gain and the trans-
mission power level can be controlled so as to address the
tradeoll between the intlicted wireless interference to other
devices and the robustness to mobility. The interierence to
collocated transmitters can be minimized using narrow-
beam transmissions, whereas using a wider beamwidth can
be beneficial for robustness against mobility effects and for
better coverage. The joint selection of MCS along with the
transmit power and the beamforming gain can depend upon
the QoS requirements in the given spectral environment and
deployment setup.

Many advantages of the present immvention will be fully
understood from the foregoing description, and 1t will be
apparent that various changes may be made in the form,
construction and arrangement of the units and devices
without departing from the scope of the mmvention and/or
without sacrificing all of 1ts advantages. Since the invention
can be varied 1n many ways, 1t will be recognized that the
invention should be limited only by the scope of the fol-
lowing claims.

The 1nvention claimed 1s:
1. A method of transmitting data in a radio access network
(RAN), the method comprising:
determining Quality of Service (QoS) requirements for
the data to be transmitted;
selecting a modulation and coding scheme (MCS), a
transmit power and a beamforming for data transmis-
sion based on a target link quality determined from a
report received 1n response to transmission of reference
signals using a reference transmit power and a refer-
ence beamforming configuration;
transmitting the data using an antenna array for beam-
forming, wherein the beamforming, the MCS and the
transmit power of the data transmission are jointly
controlled according to the QoS requirements and
within an upper limit for a radiant intensity of the data
transmission to achieve the target link quality, wherein
the upper limit for the radiant intensity 1s 1sotropic; and
in response to a deviation in the target link quality during
the transmitting 1s determined upon evaluation, recon-
figuring the MCS, the transmit power and the beam-
f‘orming within regional regulations on the upper limit
for the radiant intensity.
2. The method of claim 1:
wherein the data 1s transmitted from a transmitting station
in the RAN to at least one recerving station 1n the RAN;
wherein at least one of the transmitting station and the
receiving station 1s a node of the RAN, the node
providing radio access to a plurality of stations in the

RAN.
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3. The method of claim 1, wherein the upper limit for the
radiant intensity 1s defined in terms of: an Effective Radiated
Power and/or an Equivalent Isotropically-Radiated Power
(EIRP).

4. The method of claim 3, wherein the product of the
transmit power and the beamforming gain 1s equal to or less
than an EIRP limut.

5. The method of claim 4, wherein the product of the
transmit power and the beamforming gain i1s limited by the
upper limit for the radiant intensity.

6. The method of claim 1, wherein the beamiorming
defines a beamforming gain.

7. The method of claim 1, wherein the beamiforming
defines a beamwidth.

8. The method of claim 7, wherein the QoS requirement

1s indicative of a lower limit for the beamwidth.
9. The method of claim 7:

wherein the QoS requirement 1s indicative of robustness
of the data transmission and/or mobility of a station
receiving the data transmission;

wherein the beamwidth 1s increased as the robustness

increases and/or the beamwidth 1s decreased as the
mobility decreases.

10. The method of claim 1, wherein the data transmission
uses the MCS depending on: the QoS requirement, the upper
limit for the radiant intensity, the beamforming, and/or the
transmit power.

11. The method of claim 10, further comprising:

transmitting one or more reference signals to the receiving

station; and

recerving a report based on the reference signals from the

receiving station, the report being indicative of at least

one of the link quality and the MCS.

12. The method of claim 11:

wherein the reference signals are transmitted using a

reference transmit power;

and wherein controlling the transmit power of the data

transmission includes scaling the reference transmit
power based on at least one of the estimated link quality
and the reported link quality.

13. The method of claim 12:

wherein the link quality 1s estimated and/or reported for

cach of a plurality of configurations of the beamform-
1ng,

wherein the beamforming 1s controlled according to one

of the beamforming configurations; and

wherein the reference transmit power 1s scaled based on

the estimated or reported link quality corresponding to
the one of the beamforming configurations.

14. The method of claim 11, wherein the link quality 1s
estimated and/or reported for each of a plurality of configu-
rations of the beamforming.

15. The method of claim 14, wherein the beamforming 1s
controlled according to one of the beamforming configura-
tions.

16. The method of claim 14, wherein each of the beam-
forming configurations corresponds to a different one of a
plurality of beamwidths and/or beamforming gains.

17. The method of claim 11:

wherein the link quality 1s estimated and/or reported

based on the reference signals using one or more
configurations of the beamforming; and

wherein the beamforming 1s controlled 1n the data trans-

mission according to a beamiorming configuration
other than the one or more beamiorming configura-
tions.
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18. The method of claim 17, wherein the controlling the
transmit power in the data transmission includes scaling the
reference transmit power based on a beamiforming gain

defined by or estimated for the other beamforming configu-
ration.

19. The method of claim 10, further comprising:

receiving one or more reference signals from the recerv-
ing station; and

based on the received reference signals, estimating the

link quality and/or determining the MCS.
20. The method of claim 4:

wherein the QoS requirement implies at least one MCS,
which requires a minimum link quality;
wherein the beamforming and the transmit power are

controlled to fulfill both the minimum link quality
and the upper limit for the radiant intensity.

21. The method of claim 1, wherein the transmit power
and the beamforming define or allow estimating a link
quality at a receiving station of the RAN for the data
transmission.

22. The method of claim 1, wherein the QoS requirement
and/or the upper limit for the radiant intensity of the data
transmission are determined for each data transmission.

23. The method of claim 1, wherein a frequency for the
data transmission 1s equal to or greater than 6 GHz.

24. The method of claim 3, wherein the data transmission
uses unlicensed spectrum.

25. A non-transitory computer readable recording medium
storing a computer program product for transmitting data in
a radio access network (RAN), the computer program prod-
uct comprising software instructions which, when run on
processing circuitry of a computing device, causes the
computing device to:

determine Quality of Service (QoS) requirements for the

data to be transmitted;

select a modulation and coding scheme (MCS), a transmiut

power and a beamforming for data transmission based
on a target link quality determined from a report
received 1n response to transmission of reference sig-
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nals using a reference transmit power and a reference
beamiorming configuration;

transmit the data using an antenna array for beamforming,
wherein the beamforming, the MCS and the transmit
power ol the data transmission are jointly controlled
according to the QoS requirements and within an upper
limit for a radiant intensity of the data transmission to
achieve the target link quality, wherein the upper limat
for the radiant 1ntensity is 1sotropic; and

in response to a deviation 1n the target link quality during,
the transmitting 1s determined upon evaluation, recon-
figure the MCS, the transmit power and the beamform-

ing within regional regulations on the upper limit for
the radiant intensity.

26. A device for transmitting data in a radio access
network (RAN), the device comprising:

processing circuitry;

memory containing instructions executable by the pro-
cessing circuitry whereby the device 1s operative to:

determine Quality of Service (QoS) requirements for the
data to be transmitted;

select a modulation and coding scheme (MCS), a transmit
power and a beamforming for data transmission based
on a link quality determined from a report based on
transmission of reference signals using a reference
transmit power and a reference beamforming configu-
ration;

transmit the data using an antenna array for beamforming,
wherein the beamforming, the MCS and the transmit
power ol the data transmission are jointly controlled
according to the QoS requirements and within an upper
limit for a radiant intensity of the data transmission to
achieve the target link quality, wherein the upper limait
for the radiant 1ntensity is 1sotropic; and

in response to a deviation 1n the target link quality during
the transmitting 1s determined upon evaluation, recon-
figure the MCS, the transmit power and the beamform-
ing within regional regulations on the upper limit for
the radiant intensity.
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